Abstract: Infected nonunion of the transtrochanteric osteotomy site is an uncommon complication of transtrochanteric anterior rotational osteotomy. A 45-year-old male underwent anterior rotational osteotomy for osteonecrosis of the left femoral head. A radiograph obtained 4 months after surgery showed the presence of osteolytic lesions around the trochanteric wire, and the transtrochanteric osteotomy site appeared to be fuzzy. In spite of the continuation of partial weight bearing, osteolytic changes progressed. An open biopsy was performed 13 months after surgery. Samples were taken from multiple sites, including osteolytic lesions, one of which was confirmed to contain coagulase-negative staphylococcus. Nineteen days after performing thorough debridement and irrigation, the patient underwent a refixation of the osteotomy site using an iliac bone graft and a sliding hip screw system. A radiograph obtained at the final follow-up revealed bone union at the site of osteotomy.
Introduction
Transtrochanteric anterior rotational osteotomy (ARO) is one of the joint-preserving surgeries that can be performed for osteonecrosis of the femoral head. 1 Previous reports have demonstrated the effectiveness of this method when performed with the correct indications and with accurate surgical techniques, [2] [3] [4] [5] while several postoperative complications have also been reported. 5, 6 Nonunion of the transtrochanteric osteotomy site is one of the possible complications of ARO. To our knowledge, a few studies have described the incidence of nonunion cases after ARO. 6, 7 Sugano et al 6 reported that one of 41 hips showed nonunion, which was treated by refixation using a hip-plate system. Rijnen et al 7 reported that one of 26 hips was converted to total hip arthroplasty due to nonunion of the osteotomy site.
On the other hand, infected nonunion of the transtrochanteric osteotomy site is an uncommon complication of ARO, and thus, there have been no reports in the literature regarding its clinicoradiological profile. We herein describe a case of infected nonunion that was made by a positive culture of a sample taken from the osteotomy site 13 months after surgery.
Case report
A 45-year-old male presented with left hip pain during office work. He had a 17-year history of systemic lupus erythematosus, which had been treated with corticosteroids until 3 years before the onset of hip pain. He also had a history of excessive Dovepress submit your manuscript | www.dovepress.com This article was published in the following Dove Press journal: Orthopedic Research and Reviews 9 February 2012 Number of times this article has been viewed alcohol intake. He was eventually diagnosed with idiopathic osteonecrosis of the femoral head at a local hospital, and then was referred to our hospital for surgery.
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Radiographs at his first visit demonstrated a slight degree of collapse and an obvious sclerotic rim formation in the left femoral head. T1-weighted magnetic resonance imaging showed a typical low-intensity band in the left femoral head. Since more than one-third intact posterior area of the femoral head was observed, ARO was considered to be indicated. One month after the onset of pain, the patient underwent ARO.
A cephem antibiotic was intravenously administered for prophylactic purposes for 7 days. For 5 days after surgery, an intermittent high fever (more than 38°C) was observed, and by day 10 after surgery he then gradually became afebrile.The level of C-reactive protein returned to the preoperative level (0.5-0.7 mg/dL) within 2 weeks postoperatively ( Figure 1 ). One-third partial weight-bearing walking was started 5 weeks after surgery as usual. Two months after surgery, the patient went back to the local hospital using two crutches. Radiographs obtained 2 months after surgery did not indicate bone union at the site of osteotomy ( Figure 2A ). During his stay in our hospital, the patient had not developed any symptoms that suggested deep infection, such as a relapsing high fever, delayed wound discharge, or rest pain.
After discharge from the hospital (3 months after su rgery), however, the patient had experienced persistent pain around the left hip at the time of weight bearing. A radiograph obtained 4 months after surgery showed the presence of osteolytic lesions around the trochanteric wire, which had been used for reattachment of the greater trochanter ( Figure 2B ). In addition, the osteotomy site near the lesser trochanter appeared to be fuzzy ( Figure 2B ). Although his hip pain had gradually improved by 6 months postoperatively, he continued to use a crutch in accordance with our instructions.
Nine months after surgery, a radiograph revealed the progression of osteolytic changes at the site of the transtrochanteric osteotomy, associated with varus deformity with the neckshaft angle ( Figure 2C) . A computed tomography scan obtained 11 months after surgery demonstrated nonunion at the site of transtrochanteric osteotomy ( Figure 2D ). The level of C-reactive protein obtained 9 months, and 1 year after surgery had been 0.37 and 0.10 mg/dL, respectively ( Figure 1 ). The erythrocyte sedimentation rate was 10 mm 1 year after surgery.
Thirteen months after surgery, an open biopsy was performed to examine the osteotomy site for the presence of infection. At that time, the trochanteric wire and hip screw system, both of which had been loosened, were removed. Although there was no purulent fluid, a cylindrical bone defect was seen around the drilled hole in the distal femoral fragment through which the trochanteric wire had been passed. The anterior aspect of the transtrochanteric osteotomy site was covered with callus, while the posterior aspect was filled with fibrous granulation tissue. Before a prophylactic antibiotic was given, samples were taken from multiple sites, including the enlarged drilled hole in the distal femoral fragment, from which coagulase-negative staphylococcus had been confirmed with enrichment culture. The isolated organism showed sensitivity to a wide range of antibiotics.
Soon after the positive culture, the patient underwent removal of the remaining screws and thorough bone debridement. Povidone-iodine solution was used to irrigate the wound with pulsatile lavage. The wound was closed in layers after the insertion of a catheter percutaneously, through which a culture-specific antibiotic was directly infused into the site of osteotomy for 4 days after the operation. Another culture-specific antibiotic was given intravenously for 8 days. Four days after discontinuation of the intravenous antibiotic, the inserted catheter was removed, and then the tip of the catheter was sent for culture. After confirmation of a negative culture, the patient underwent refixation of the osteotomy site using an iliac bone graft and a sliding hip screw system ( Figure 3A) . A radiograph obtained at the final follow up (2 years after the last surgery) revealed bone union at the site of transtrochanteric osteotomy ( Figure 3B) .
The patient was informed that the data from the case would be submitted for publication, and gave his consent.
Discussion
We herein present a rare case of infected nonunion at the transtrochanteric osteotomy site after ARO. Because of the minimal infectious symptoms, we initially diagnosed our case as just a delayed union, which is one of the possible complications after ARO. Since previous reports showed that delayed union after ARO normally has no need for additional surgery, 5, 8 we followed our case conservatively by extending the period of partial-weight bearing. However, since osteolytic changes at the site of transtrochanteric osteotomy had progressed, we performed an open biopsy because none of the examinations had completely ruled out the presence of infection. At any rate, the biopsy should have been performed at an earlier time point.
Several factors may be responsible for the subclinical manifestation in the current case. Above all, the low numbers of bacteria may be mainly associated with the condition.
We concluded that the current result of the biopsy was clinically significant based on the fact that the positivecultured sample had been taken from the enlarged drilled hole in the distal femoral fragment, in which the osteolytic changes were most evident. Also taking into consideration the fact that the organism had been isolated by enrichment culture, we speculate that both the low numbers of bacteria and the possibility of sampling error may have inevitably resulted in the remaining culture-negative specimens in our case.
Regarding the treatment of infection-related nonunion, Motsitsi 9 recommended an "infection-elimination first" strategy, which involves two steps: control of infection by local radical debridement of dead tissue, followed by reconstruction. On the other hand, Rodriguez-Merchan and Forriol 10 recommended concomitant treatment when possible. Although we selected the two-stage strategy, onestage treatment might also have been indicated for our case because the condition may be associated with an extremely low burden of organisms, which furthermore showed no multidrug-resistance. We believe that treatment for an infection-related nonunion after osteotomy must be tailored to the individual patient.
Conclusion
In conclusion, we would like to stress that a minor infection at the site of osteotomy should be included in the differential diagnosis of nonunion after ARO.
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